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Thirty-six goats: 15 Alpine (AG), 13 Saanen (SG) and 8 Anglo-Nubian (ANG) were used to evaluate dry matter intake
(DMI), body weight (BW) changes and milk production to validate Wood’s model in lactation curves. The kids pre-
weaning weight, weaning weight (WW) and daily weight gain (DWG) were determined. Milk production was measured
daily for a period of 90 d. The DWG was quantified daily, while BW was recorded weekly. Performance of 48 kids
(20 AG, 15 SG and 13 ANG), aged 15 d were evaluated. Wood’s model was utilised to describe goat’s lactation curve in
the different studied goat breeds. Milk production was differed between breeds and according to the number of kids
suckled (P < 0.05). Both of DMI and BW showed a linear increase (P < 0.05) during the studied period. Both of WW
and DWG were unaffected by type of kidding and breed and were higher in males than in females. It is suggested that
equation ofWood’smodel is adequate to describe the lactation curve in studied goat breeds. TheANG andAG breeds versus
SG had more persistence for milk production which was higher for those with single type of birth than those with twins.
Keywords: goats; lactation curves; live weight; Wood’s model
1. Introduction
Cow milk is globally used for human consumption;
however, a small amount of sheep and goat milk is also
used (Bilgin et al. 2010). Goat production in Mexico
takes place primarily in arid and semiarid environments,
under production systems with scarce technology, where
most of the farmers come from a social stratum char-
acterised by limited economic resources and limited
technical knowledge (Cantú 2008). Alpine (AG), Saanen
(SG) and Anglo-Nubian (ANG) goats are the most
famous dairy goat breeds in Mexico (Shrestha 2012).
The SG is best known of the goat world, producing high
milk yields with low fat levels compared to the ANG
breed which produces less milk with higher fat and
protein content (Haenlein & Caccese 1984). The AG
breed produces milk yields between the levels of the SG
and ANG in general but with some individual exceptions
(Park & Haenlein 2010). The average milk production
and composition for the three breeds are: SG, 1325 kg
milk/season with 31 and 41 g protein and fat/kg,
respectively; AG, 1135 kg milk/season with 32.7 and 43
g protein and fat/kg, respectively; ANG, 840 kg milk/
season with 38.5 and 56 g protein and fat/kg, respectively
(Ruth 2012). Approximately, 31% of the world goats are
dairy goats in the developed countries compared with
only 19% for the developing world. According to the
FAO (2014), goats produced approximately 2.4% of the
world’s total milk supply during 2012.
Lactation curves have a wide variety of applications
that may be used in genetic evaluations (Schaeffer 2004),
formulation of rations and economic evaluation of
different management strategies (Dag et al. 2005; Keskin
& Dag 2006). Previous knowledge with the expected
peak yield will help for arrange the feeding strategy to
allow economic management of feed for covering the
animal’s requirement, reduce cost and possibly maintain
peak yield for as long as possible (Amin 2003; Grzesiak
et al. 2003).
Several models of lactation curves have been
developed. Wood’s model developed by Wood (1967)
is the most well known and commonly employed math-
ematical model, specifically applied (Swalve & Guo
1999). Productive performance through lactation is
similar, in both, in cattle as in goats, making it possible
to describe the lactation curve of goats using the model
most commonly used in cattle (Wood 1967; Gipson &
Grossman 1990). Ortiz et al. (1988) assessed weight
changes associated with lactation, and the differences in
*Corresponding author. Email: asalem70@yahoo.com
© 2015 Taylor & Francis
Journal of Applied Animal Research, 2016
Vol. 44, No. 1, 331–337, http://dx.doi.org/10.1080/09712119.2015.1031790
D
ow
nl
oa
de
d 
by
 [2
01
.11
6.7
2.5
0]
 at
 11
:20
 08
 Ju
ly 
20
16
 
physical behaviour at different conditions presented by
the rangelands throughout the year, and concluding that
animals calving at the beginning of the drought season
show loss of weight from this moment, achieving weight
gain during the rainy season.
The present study aimed to quantify the milk produc-
tion per lactation and evaluate if the Wood’s model can
be used for describing the lactation curve in Alpine,
Saanen and Anglo-Nubian goat suckling their kids and
to determine the voluntary intake and weight perform-
ance of goats during lactation, in addition to evaluating
the pre-weaning growth in their offspring.
2. Materials and methods
2.1. Study site
The current study was carried out at the experimental
farm of the Universidad Autónoma Chapingo, México,
located at 19°30′ N latitude and 98°54′ W longitude, at
2250 m above sea level. Weather in this region is clas-
sified as sub-humid temperate with summer rains. The
average annual temperature and rainfall are 15°C and
600 mm, respectively (INEGI 2009).
2.2. Experimental animals and feeding
Thirty-six goats undergoing their first and second
kidding (15 AG, 13 SG and 8 ANG), all of them with
their offspring, were selected from a commercial flocks.
Does were managed in a confined system and were kept
in roofed pens, and separated by type of kidding (single
or twins). Daily in the pen, goats received per head
1.2 kg of dry matter (DM) of alfalfa hay, 0.08 kg of
rumen bypass fat (Megalac©, Arm & Hammer Animal
Nutrition©, Princeton, NJ, USA), as well 2 kg of
concentrate (Table 1), with free access to water.
Goats were fed twice daily in equal amounts at 07:00
and 15:00 h, where dry matter intake (DMI) was
estimated daily by the difference between weight of
offered and refused feeds. Goats live weight (LW) was
obtained at intervals of 10 d after the beginning of the
experiment before offering early morning ration.
Forty-eight kids (20 AG, 15 SG and 13 ANG) aged
about 15 d were used also in the current study. Kids were
separated from their mothers and allowed only to access
milk from their mothers at 07:00 and 15:00 h daily
where each kid was weighed before suckling. Kids were
daily weighed from the beginning of the experiment and
until weaning was performed for determination of milk
intake, daily weight gain (DWG) and weaning weight
(WW). Feeding kids was supplemented by creep feeding,
with the same feed (Table 1) that mother goats consumed
at rate of 55 g/kid/d until the weaning was done.
2.3. Data and management
The technique described by Coombe et al. (1960) was
used to determine the daily milk production; consistent
in the method of weight-suckling-weight of the goat
kids, adding residual milk; repeating the procedure daily
until 90 d when weaning was performed.
The prediction equation for daily milk yield was fitted
by the Wood’s (1967) incomplete gamma function: Yt =
atbe−ct; where Yt is the milk parameter on lactation day t,
a is the associated parameter with the initial milk
production, b is the associated parameter with the rise in
milk production to peak lactation, e is the Neper number
and c is the associated parameter with the decrease in milk
production from peak to the end of lactation. Wood’s
model was linearised through the natural logarithm as: ln
(Yt) = ln(a) + bln(t) – ct. After the transformation process,
parameters that define the incomplete gamma function
(i.e., a, b and c) were estimated through multiple
regression; for breed and type of kidding. Following,
some lactation curve parameters were obtained, as: days
to maximum milk production (TPY), by the following
formula TPY = b/c; the maximum production (YP), by
YP = a(TPY)be−b; the rate of decrease from peak to end
of lactation (persistence), as persistence = c(TPY – t/TPY
+ t); predicted total production (PTP) by PTP =∑atbe−ct;
and observed total production (OTP) calculated by the
sum of milk production recorded daily during the
experimental period of 90 d.
2.4. Concentrates analytical procedures
Samples of concentrate mixture were collected twice
weekly, ground to pass a 1-mm screen on a model 4 Wiley
Mill and analysed according to the AOAC (1997) for DM
Table 1. Ingredients and chemical composition of the concen-
trate.
(g/kg)
Ingredient
Sorghum grain 680
Soybean meal 200
Fish meal 100
Bacifermen lechonesa 0.7
Sodium bicarbonate 0.5
Mineral premix 18.8
Chemical compositionb
Crude protein 218.5
Neutral detergent fibre 269.1
Acid detergent fibre 124.1
Cellular content 730.5
Ash 80.3
Metabolisable energyc 31.9
aCulture of Lactic acid Bacillus plantarum.
bAnalyzed values.
cCalculated according to NRC (2001).
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(method 934.01) and crude protein (Nitrogen × 6.25;
method 990.03). The neutral detergent fibre (Van Soest
et al. 1991) and acid detergent fibre (AOAC 1997; 973.18)
analyses used an ANKOM200 Fibre Analyser Unit
(ANKOM Technology Corp., Macedon, NY, USA). Neut-
ral detergent fibre was assayed without use of an alpha
amylase but with sodium sulphite in the NDF. Both neutral
detergent fibre and acid detergent fibre are expressed
without residual ash. Ash was determined by incineration
at 550°C for 3 h (AOAC 1997; method 942.05).
2.5. Statistical analysis
To determine the effects of breed and type of kidding on
the parameters of the lactation curve, data were analysed
to estimated regression coefficients through the follow-
ing model: Yijk = µ + Bi + RTj + εijk, where Yijk is a
curve parameter observation (a, b, c, TPY, PTP, YP, OTP
and persistence); µ is the mean population; Bi is the
effect of the ith breed (i = AG, SG, NG); RTj is the effect
of the jth type of kidding (j = single, twins); εijk is the
random error => NID (0, σ2e).
Data of DMI were analysed using the following
model: Yij = µ + Bi + β1(t) + εij, where Yij is the DMI
observation; µ is the mean population; Bi is the effect of
the ith breed (i = AG, SG, ANG); β1 is the partial
regression coefficient; t is the lactation day; εij is the
random error => NID (0, σ2e).
Factors which affect the LW of lactating goats were
analysed under the following model: Yijk = µ + Bi + RTj
+ β1(t) + εijk, where Yijk is the LW observation; µ is the
mean population; Bi is the effect of the ith breed (i = AG,
SG, ANG); RTj is the effect of the jth type of kidding
(j = single, twins); β1 is the partial regression coefficient;
t is the lactation day; εij is the random error => NID
(0, σ2e).
Data of DWG and WW in kids were analysed using
the following model: Yijkl = µ + Bi + RTj + Sk + β1(iLW)
+ εijkl, where Yijkl is the DWG and WW observation; µ is
the mean population; Bi is the effect of the ith breed (i =
AG, SG, ANG); RTj is the effect of the jth type of
kidding (j = single, twins); Sk is the effect of the kth sex
(k = male, female); β1 is the partial regression coefficient;
iLW is the initial LW of the kid used as covariate; εijkl is
the random error => NID (0, σ2e).
3. Results
3.1. Goat’s locational curves
Regression coefficients of the equation of Wood lactation
curve showed that different breed had a different (P <
0.05) a, b and c parameters. Alpine breed, followed by
SG and then ANG breed begin lactation season with
higher (P < 0.05) milk production (Figure 1). However,
SG breed obtained a higher (P < 0.05) rate of increased
milk production with less persistence of milk yield and
more c value compared to both of AG and ANG, which
almost had the same b and c values. Type of kidding (i.e.,
single or twin suckled lambs) had affected (P < 0.05)
each of a, b and c (Figure 2). Goat suckled twins had
higher a, b and c values than those suckled single kids.
However, lactating goats with one kid have a lower initial
production and rate of increase, likewise as a greater
persistence during lactation (Table 2 and Figure 2).
Figure 1. Lactation curves of Alpine, Saanen and Anglo-
Nubian goats.
Figure 2. Lactation curves of Alpine, Saanen and Anglo-
Nubian goats according to type of kidding.
Table 2. Regression coefficients of the equation of Wood
lactation curve by breed and type of birth.
Variable a (kg) b c
Breed
Alpine 1.41 ± 0.08a 0.24 ± 0.02b 0.007 ± 0.0011b
Saanen 1.28 ± 0.10ab 0.33 ± 0.03a 0.012 ± 0.0014a
Anglo-
Nubian
1.18 ± 0.11b 0.21 ± 0.04c 0.005 ± 0.0016c
Type of kidding
Single 1.130 ± 0.071b 0.213 ± 0.02b 0.005 ± 0.0010b
Twin 1.417 ± 0.095a 0.310 ± 0.03a 0.011 ± 0.0013a
Notes: Means within a column with different letters differ (P < 0.05). a
is the associated parameter with the initial milk production; b is the
associated parameter with the rise in milk production to peak lactation;
c is the associated parameter with the decrease in milk production from
peak to the end of lactation.
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3.2. Milk yield production
Anglo-Nubian goat breed had the highest (P < 0.05) TPY
with the lowest (P < 0.05) maximum production per day
(YP), PTP, OTP, and persistence. However, inversed
trends were observed (P < 0.05) with the SG breed. With
exception of TPY, all of YP, PTP, OTP, and persistence
were higher (P < 0.05) for goats with twin suckled kids
than those with single suckled kids (Table 3).
3.3. Dry matter intake, live and weaning weight
Alpine breed followed with SG breed consumed higher
(P < 0.05) feed DM than ANG breed (Table 4). However
both of ANG and AG breeds were heavier (P < 0.05)
than SG breed (Table 4). Breeds type (i.e., AG, SG and
ANG) and kidding type (i.e., single or twin suckled
lambs) were a non-influential factors (P > 0.05) on each
of WW or DWG. However, sex of suckled kids signifi-
cantly (P < 0.05) affected both of WW and DWG; male
suckled kids had higher WW and DWG compared to
female suckled kids (Table 5).
4. Discussion
4.1. Lactation curve and milk yield production
Wood lactation curve parameters were significantly
affected by breed type. Under the study condition, AG
breed started the lactation season with higher milk
production than the other two breeds with a higher
increased milk production rate. These findings are
consistent with those obtained by Sánchez et al. (2006)
for ANG goats with no differences between Creoles and
Celtiberic goat breeds. In another study, Arbiza (1987)
mentioned that ANG goats had a lower persistence than
Toggenbourg goats, which reported a positive correlation
with the parameter b; indicating a higher rate of increased
greater persistence. Salvador et al. (2006) showed that
the correlation between milk production per day with
days in production was 0.32 (P < 0.01), which indicated
that as the goats produce more milk per day, will had
more extended days in lactation; increased production
days should increase total milk production. Moreover,
Capote et al. (1999) showed increased milk production
with increasing milking frequency.
Analysing the effect of kidding type (i.e., single or
twins) on parameters of the lactation curve (i.e., a, b and
c); differences were observed for all three coefficients.
Salvador and Martínez (2007) attributed this effect to the
greater stimulation exerted by more than a kid goat
suckling on the udder; causing an increase in milk
production, in addition to the hormonal effect during
pregnancy (Pulina et al. 2007).
Moderate and lower values of TPY were observed
between the fourth and sixth week of lactation for AG
and SG, respectively, while for ANG value was greater.
This observation may coincides with the observations of
Table 3. Days at maximum milk production (TPY), maximum production per day (YP), persistence (PER), predicted total production
(PTP) and total yield observed (OTP).
TPY (d) YP (kg) PER (g/d) PTP (kg) OTP (kg)
Breed
Alpine 38.4 ± 4.6ab 2.68 ± 0.15b 10.759 ± 1.39a 193.5 ± 10.1a 193.4 ± 10.1a
Saanen 28.5 ± 5.1b 2.62 ± 0.17b 14.430 ± 1.64b 187.2 ± 12.5a 187.4 ± 12.6a
Anglo-Nubian 42.8 ± 6.5a 2.07 ± 0.22a 8.860 ± 2.02a 152.6 ± 13.8b 152.6 ± 13.9b
Type of kidding
Single 42.41 ± 3.9a 1.9 ± 0.13b 8.86 ± 1.26b 146.97 ± 8.7b 146.93 ± 8.79b
Twin 30.81 ± 5.0b 2.9 ± 0.17a 12.66 ± 1.64a 208.64 ± 11.8a 208.77 ± 11.84a
a,bMeans within a column with different letters differ (P < 0.05).
Table 4. Dry matter intake and live weight in lactating goats
according to breed.
Variable DMI (kg/d)
DMI
(g/kg BW0.75) LW (kg)
Alpine 2.815 ± 0.016a 156 47.311 ± 0.716a
Saanen 2.765 ± 0.016b 162 44.037 ± 0.779b
Anglo-
Nubian
2.559 ± 0.016c 141 47.560 ± 0.623a
a,b,cMeans within a column with different letters differ (P < 0.05).
Table 5. Goat kids weaning weight and daily weight gain
according to breed, type of kidding and sex.
n
Weaning
weight (kg)
Daily weight
gain (g/d)
Breed
Alpine 20 18.87 ± 0.396 148.64 ± 5.15
Saanen 15 19.22 ± 0.491 153.19 ± 6.38
Anglo-Nubian 13 19.09 ± 0.511 151.51 ± 6.64
Type of kidding
Single 26 19.247 ± 0.374 153.42 ± 4.86
Twin 22 18.891 ± 0.410 148.80 ± 5.32
Sex
Male 22 20.000 ± 0.389a 163.20 ± 5.06a
Female 26 18.138 ± 0.361b 139.02 ± 4.68b
a,bMeans within a column with different letters differ (P < 0.05).
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Cardellino and Benson (2002) who observed that TPY
occur at the fifth week of lactation period for one- and
two-year-old ewes rearing single and twin lambs. Gaddour
et al. (2007) mentioned that there are evident differences in
the dairy ability of different racial groups subjected to the
same environmental and feeding conditions.
In many reports, the correlation between PTP and
OTP was highly positive (~0.97); which indicates that at
maximum observed milk production per day, the predic-
tion of maximum milk production may be obtained from
milk lactation curve (Salvador et al. 2006; Salvador &
Martínez 2007).
In goats with twin births, the time elapses was less
TPY, showing higher production per day and thus a
higher total lactation than those with a single type of
births. Sánchez et al. (2006) found that litter size can
directly influence the total production and daily produc-
tion, which were coinciding with the results obtained in
this study. Zygoyiannis (1987) compared 2 groups of
goats with different periods of suckling and noted that
when the kids were weaned at 6 weeks, peak milk
production was reached before the group which was
weaned at 12 weeks, but milk production declines more
rapidly in the first group, hence the importance of kid
suckling on the persistence and total milk production.
The obtained results of persistence may match the
natural process of gradual involution of the mammary
gland. This process, in goats, characterised by a decrease
in the number of secretory cells in the mammary gland,
thereby producing the drop decreases over and during
lactation is strongly influenced by the apoptosis rate in
the lactating gland (Stefanon et al. 2002; Millier 2013).
When comparing the PTP with the OTP quantified
throughout the experimental period, it was observed that
both fit perfectly, which coincides with that described by
Gipson and Grossman (1990) who obtained values of
R2 > 0.9, using the incomplete gamma function of Wood
(1967). Therefore, it is confirmed that the model of
Wood (1967) is suitable for describing the lactation
curve in goats. In the model of incomplete gamma
function, a rapid increase occurs in milk production
afterbirth to a peak was subsequently adapted to a
gradual decline until suckling ends (Gipson & Grossman
1990; Capuco et al. 2003).
4.2. Dry matter intake
During lactating period, feed consumption depends on
several factors highlighting its importance feed palatab-
ility and characteristics, body weight (BW), milk pro-
duction level, temperature and availability of drinking
water (Goetsch et al. 2001; Kholif et al. 2014). Feed
intake obtained in this study represents a 5–7% of the
LW of the goat. Differences observed between the three
breeds for DMI are directly reflected on the production
of milk. Salvador and Martínez (2007) mentioned a
maximum DMI in high producing lactating goats with
about 5–7% of their BW, matching results obtained in
the current study. Moreover, Cantú (2008) presented
similar results to those reported in the current study,
reporting a DMI of 5–8% of BW for lactating goats in
temperate climate. However, Salvador and Martínez
(2007) generalise DMI for most goats at 3%. Also,
Khattab et al. (2011) and Kholif et al. (2014) noted that
DMI for Baladi lactating goats was about 3% of the LW.
4.3. Body weight changes
Dunshea and Bell (1990) with SG breed, and Lu et al.
(1990) with AG observed that changes in BW always
positive for a period of 11 weeks of lactation. Positive
relationships were found between DMI and production
level or LW which probably due to the animal capacity
to adjust feed intake to nutritive requirements and rumen
volume (Avondo et al. 2008). Similarly, most reported
equations estimating the intake for cattle, sheep and
goats include BW and/or milk production among the
independent variables (Avondo et al. 2002; Luo et al.
2004; Manafiazar et al. 2013).
4.4. Weaning weight
The majority goat kid’s mortality occurs in the period
from birth to puberty; the weaning in this period
represents the most critical stress (Otuma & Osakwe
2008), hence the importance of mentioning some factors
that affect prenatal and postnatal growth. The prenatal
growth is affected by parents genetic and nutrition, and
postnatal growth is affected by birth weight, birth type,
sex, litter size, age and milk production of mothers
(Sebei et al. 2004; Otoikhian et al. 2013). The nutrition
of the doe is certainly the most influential factor in foetal
growth, particularly in the last third of gestation (Wu
et al. 2013). In the current study, kid WW was unaffected
with the breed and the type of birth. Birth weight of kids
has been reported in negative correlation with survival
and positively correlated with subsequent weight gain
(Sebei et al. 2004). However, Merlos-Brito et al. (2008)
found that the offspring born from single births had
higher WW (15.1 kg) than those born from twin births
(13.4 kg). They explained this phenomenon by competi-
tion with two pups through breast milk, compared with
those of one offspring.
The sex of kid affects birth weight, weaning and post-
weaning gains (Lu & Potchoiba 1988; Andries 2013).
Likewise, weight gain pre-and post-weaning is greater in
kids born in single births than those from multiple births
(Merlos-Brito et al. 2008). However, no difference in birth
weight and weaning and post-WW was observed in kids
of goats with different ages (Merlos-Brito et al. 2008).
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Male kids reached a heavier WW than female kids with
about 8.1% (20 versus 18.13 kg for male and female kids,
respectively). Similar results were reported by Merlos-
Brito et al. (2008) who found significant differences due
to sex of kids, where male kids were higher (16.5 kg)
than female kids (12.4 kg). It is noteworthy that these
results are common when working with kids weaned at the
same age (Otuma & Osakwe 2008) which could be
explained by hormonal differences between males and
females, which directly affect their growth patterns
(Hossner 2005).
4.5. Daily gain weight
DWG presented a mean of 151.1 g/kid/d, which lies
within it range of values reported by Lu and Potchoiba
(1988). The sex of the offspring showed that males
compared to females showed higher DWG. Ortiz and
Bermúdez (1988) noted that DWG of kids from single
births was heavier by about 9 g/kid/d more than those of
twin births. The same observation was observed by
Andries (2013). The higher DWG as WW for males than
females probably because of the male hormonal pattern
which favours the growth of muscle tissue hypertrophy.
5. Conclusions
The prediction equation given by Wood is adequate to
describe the lactation curve in goats in the first 90 days
of lactation. The persistence for milk production was
higher for ANG and AG breeds versus SG, indicating
increased milk production when considering a complete
lactation season. The persistence was higher for the does
with single type of birth with respect to does with twin
births. Moreover, WW and DWG of kids were greater in
males versus females.
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